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(54) Gas turbine combustor

(57) This invention provides a gas turbine combustor
including: a main burner at a head portion of a combustor
cylinder; and a pre-mixing type supplemental burner at
a downstream portion of the combustor cylinder and ex-
tending through a circumferential wall thereof. The sup-
plemental burner includes: an introducing passage con-
figured to deflect a part of the compressed air radially
Inward, the compressed air flowing from an air passage

between the circumferential wall of the combustor cylin-
der and a housing surrounding the circumferential wall
toward the head portion of the combustor cylinder, and
introduce the compressed air into the combustor cylinder;
and a fuel nozzle configured to supply the fuel from fuel
injection holes to the compressed air introduced into the
introducing passage to produce a pre-mixed gas in the
introducing passage.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Appli-
cation No. 2009-60524 filed on March 13, 2009, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a gas turbine
combustor which can suppress the amount of nitrogen
oxides (hereinafter referred to as "NOx") discharged from
the combustor, even when the combustor is operated
with a relatively high load or intensity.

Background Art

[0003] For the gas turbine apparatus, a highly strict
environmental standard is established on the composi-
tion of exhaust gas discharged from the turbine upon the
operation thereof. Especially, in this standard, substan-
tial reduction of the discharge amount of NOx contained
in the exhaust gas is required. In the past, as one ap-
proach for reducing the discharge amount of NOx in re-
gard to the gas turbine apparatus, a method for lowering
the temperature of the combustion flame by injecting wa-
ter or steam into the combustion chamber has been em-
ployed. With this method, however, the thermal efficiency
of the apparatus may tend to be degraded, and/or life
span of the apparatus may be shortened due to corrosion
of the turbine caused by poor quality of the water used.
In order to solve such problems, one gas turbine appa-
ratus employing a DLE (Dry Low Emission) type com-
bustor, intended for reducing the discharge amount of
NOx, without using the water and/or steam, has been
developed in recent years. The gas turbine apparatus of
this type includes an additional pre-mixing type supple-
mental burner provided to a downstream portion of a
combustor cylinder of the DLE combustor. With this con-
figuration, fuel can be further supplied by the supplemen-
tal burner, in a state in which the fuel that is not yet com-
busted is no longer discharged or detected from an up-
stream region of the combustor. In this way, the amount
of NOx discharged from the turbine can be substantially
reduced (see Patent Documents 1, 2).

[Patent Documents]
[0004]

Patent Document 1: JP 8-261468 A
Patent Document 2: JP 10-196909 A

[0005] However, the supplemental burner as disclosed
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in the above Patent Documents 1, 2 has a rather long
pre-mixing duct extending from the upstream portion of
the combustor cylinder of the DLE combustor to air ports
used for the supplemental burner of the combustor cyl-
inder. Therefore, such a structure should be large-sized,
thus substantially enlarging the combustor itself as well
as inevitably increasing the number of components and
man-hour required for construction, leading to undue in-
crease of the cost.

SUMMARY OF THE INVENTION

[0006] Therefore, itis anobjectofthe presentinvention
to provide a new gas turbine combustor which can sub-
stantially reduce the discharge amount of NOx with a
compact structure achieved by provision of the pre-mix-
ing type supplemental burner in a significantly compact
form without requiring undue increase of the size and
cost of the combustor.

[0007] Inordertoachievethe above object, the present
invention is a gas turbine combustor adapted for com-
busting a fuel together with a compressed air supplied
from a compressor and supplying a combustion gas to a
turbine, including: a main burner provided to a head por-
tion of a combustor cylinder constituting a combustion
chamber; and a pre-mixing type supplemental burner
provided to a downstream portion of the combustor cyl-
inder relative to the main burner and extending through
a circumferential wall of the combustor cylinder, wherein
the supplemental burner includes: an introducing pas-
sage configured to deflect a part of the compressed air
radially inward with respect to the combustor cylinder,
the compressed air flowing from an air passage formed
between the circumferential wall of the combustor cylin-
der and a housing surrounding the circumferential wall
toward the head portion of the combustor cylinder, and
introduce the compressed air into the combustor cylinder;
and a fuel nozzle configured to supply the fuel from a
plurality of fuel injection holes to the compressed air
which is introduced into the introducing passage so as
to produce a pre-mixed gas in the introducing passage.
[0008] Asused herein, the "downstream" portion of the
combustor cylinder means the "downstream™ portion of
the combustor cylinder when seen along the flow direc-
tion of combustion gas.

[0009] In this configuration, the supplemental burner
is provided to the downstream portion of the combustion
cylinder relative to the main burner located at the head
portion of the combustion cylinder, such that part of the
compressed air can be introduced into the introducing
passage from the air passage formed between the cir-
cumferential wall of the combustion cylinder and the
housing. Therefore, as compared with the prior art com-
bustor including the rather long pre-mixing duct extend-
ing from the head portion of the combustor cylinder up
to the air ports used for the supplemental burner provided
to the circumferential wall of the combustor cylinder, the
combustor of this invention can be provided in a more
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compact form. Further, since the compressed air can be
deflected radially inward Into the combustor cylinder due
to the introducing passage, such deflected compressed
air can generate considerably strong turbulence in the
air flow, thus highly enhancing the effect of mixing the
compressed air and fuel. As such, the pre-mixed gas that
is quite uniform and thus exhibits substantially less une-
venness of the fuel concentration can be obtained. Be-
sides, since such uniform pre-mixed gas exhibiting less
unevenness of the fuel concentration can be combusted
in high-temperature combustion gas present on the
downstream side relative to the main burner, the dis-
charge amount of NOx can be significantly reduced.
Moreover, since sufficient penetrating force for penetrat-
ing radially inward into the atmosphere in the combustor
cylinder can be provided to the pre-mixed gas due to the
introducing passage, backfire into the introducing pas-
sage and/or serious damage of the supplemental burner
caused by such backfire can be successfully avoided.
Additionally, since the pre-mixed gas can penetrate
enough into the high-temperature combustion gas
present around the center of the combustion chamber,
significantly uniform temperature distribution can be
formed around an outlet of the combustor.

[0010] In this invention, it is preferred that the supple-
mental burner further includes: an annular inlet port con-
stituting an inlet of the introducing passage; and a plu-
rality of guide pieces provided to the annular inlet port
and configured to guide the compressed air toward a
center of the inlet port.

[0011] With this configuration, the compressed air can
be introduced toward the center of the inlet port. There-
fore, a swirled component of the compressed air can be
substantially reduced in the introducing passage, thereby
increasing the penetrating force of the pre-mixed gas for
penetrating Into the atmosphere in the combustion cham-
ber. Further, since the compressed air, after flowed
through the guide pieces, can be deflected by 90° radially
inward into the combustor cylinder, the considerably
strong turbulence can be generated in the air flow, there-
by to further enhance the mixing effect between the air
and the fuel.

[0012] Inthisinvention, itis preferred that the fuel noz-
zle includes a nozzle plate constituting a head of the in-
troducing passage, the fuel injection holes being provid-
ed in the nozzle plate such that the fuel is supplied into
the introducing passage through the fuel injection holes
and a space between each adjacent pair of the guide
pieces.

With this configuration, since the plurality of fuel injection
holes are respectively arranged, corresponding to each
space between the guide pieces, in the circumferential
direction of the nozzle plate, the fuel can be injected from
multiple points. Besides, the fuel can be supplied into the
introducing passage while being divided along the cir-
cumferential direction by the respective guide pieces.
Therefore, the pre-mixed gas that is more uniformly pro-
duced and thus exhibits further reduced unevenness of
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the fuel concentration can be obtained. Furthermore, with
only the provision of the fuel injection holes respectively
oriented and opened vertically to the nozzle plate, the
fuel can be injected from such fuel injection holes, or-
thogonally to the compressed air flowed in the Introduc-
ing passage. Thus, the fuel can be finely sectioned by
shearing force exerted from the compressed air, thereby
further enhancing the mixing effect between the com-
pressed air and the fuel.

[0013] In this invention, it is preferred that the supple-
mental burner further includes a guide cylinder extending
from the inlet port up to a downstream side relative to the
guide pieces so as to constitute an outer wall forming an
upstream part of the introducing passage,

[0014] With this configuration, since the guide cylinder
extends up to the downstream side relative to the guide
pieces, a relatively long pre-mixing length can be provid-
ed for pre-mixing the compressed air with the fuel on the
downstream side relative to the guide pieces, i.e., on the
downstream side relative to the fuel injection holes, by
this guide cylinder and an introducing cylinder located on
the downstream side relative to the guide cylinder. This
can promote the effect of pre-mixing the compressed air
with the fuel, thereby obtaining further uniform pre-mixed
gas exhibiting substantially less unevenness of the fuel
concentration.

[0015] In this invention, it is preferred that the supple-
mental burner further includes an introducing cylinder at-
tached to the combustor cylinder so as to constitute a
downstream part of the introducing passage.

[0016] With this configuration, since a proper existing
combustion cylinder including the introducing cylinder
can be directly used, the production cost can be substan-
tially saved.

[0017] In the case in which the above introducing cyl-
inder is employed, it is preferred that a gap is provided
between the guide cylinder and the introducing cylinder
located on a downstream side relative to the guide cyl-
inder.

[0018] Such provision of the gap between the guide
cylinder and the introducing cylinder can successfully
control or cancel undue change or shift in position and
attitude of these two cylinders, even when the precision
in the size and/or attachment position of the two cylinders
is not so high. Therefore, the flexibility in production and
assembly of the combustor can be significantly improved.
Further, with careful control of the size of this gap, in view
of some negative impact, such as unduly strong turbu-
lence or the like, that would be caused by the gap and
exerted on the pre-mixed gas flowed in the two cylinders,
the generation of NOx can be positively suppressed.
[0019] Inthisinvention, itis preferred that the introduc-
ing passage has an inlet passage area which is greater
than an outlet passage area.

[0020] Withthis configuration, the introducing passage
can be provided in a substantially tapered form so that
the area thereof is decreasing from the inlet thereof to
the outlet thereof. Therefore, the flow velocity of the com-
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pressed airintroduced into the inlet port can be Increased
during the travel up to the outlet port. Thus, the penetrat-
ing force of the compressed air for penetrating radially
inward into the atmosphere in the combustor cylinder can
be substantially increased.

[0021] In this invention, it is preferred that the supple-
mental burner further includes: an annular inlet port con-
stituting an inlet of the introducing passage; and an inflow
adjuster configured to cover an outer circumference of
the annular inlet port with a space therebetween.
[0022] In this configuration, the inflow adjuster can
positively suppress unwanted variation, in the circumfer-
ential direction, of the dynamic pressure of the com-
pressed air flowed into the inlet port. As such, the amount
of the compressed air flowed into the introducing pas-
sage from the inlet port can be controlled to be more
uniform in the circumferential direction. Therefore, the
pre-mixed gas that can exhibit significantly less uneven-
ness of the fuel concentration can be obtained,

[0023] Namely, according to the presentinvention, the
supplemental burner is provided to the combustion cyl-
inder on the downstream side relative to the main burner
located at the head portion of the combustion cylinder,
thereby to introduce part of the compressed air into the
introducing passage of the supplemental burner from the
air passage formed between the circumferential wall of
the combustion cylinder and the housing. Therefore, un-
like the structure of the conventional combustor including
the rather long pre-mixing duct extending from the head
portion of the combustor cylinder up to the air ports used
for the supplemental burner provided to the circumferen-
tial wall of the combustor cylinder, the combustor of this
invention can be provided in the significantly compact
form. Further, since adequately strong turbulence in the
air flow can be generated by the deflection of the com-
pressed air in the introducing passage, the mixing effect
between the compressed air and the fuel can be highly
enhanced. This can provide the pre-mixed gas that is
quite uniform and thus exhibits significantly less uneven-
ness of the fuel concentration. Besides, since such uni-
form pre-mixed gas exhibiting less unevenness of the
fuel concentration can be combusted in the high-temper-
ature combustion gas present on the downstream side
relative to the main burner, the discharge amount of NOx
can be significantly reduced. Moreover, since sufficient
penetrating force for penetrating radially inward into the
atmosphere in the combustor cylinder can be provided
to the pre-mixed gas due to the introducing passage, the
backfire into the introducing passage and/or serious
damage of the supplemental burner caused by such
backfire can be successfully avoided or eliminated. In
addition, since the pre-mixed gas can penetrate enough
into the high-temperature combustion gas present
around the center of the combustion chamber, signifi-
cantly uniform temperature distribution can be formed at
the outlet of the combustor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will be understood more
apparently from the following descriptions on several em-
bodiments, with reference to the attached drawings.
However, such descriptions and drawings for these em-
bodiments are respectively provided herein by way of
example only, and not intended in any way to limit the
scope of this invention. Namely, the scope of this inven-
tion is limited only by the appended claims. It is noted
that like reference numerals or characters given in the
drawings will designate like or equivalent parts or ele-
ments, respectively.

Fig. 1is a schematic diagram for illustrating construc-
tion of a gas turbine electric generation system, to
which the gas turbine combustor according to a first
embodiment of the present invention is applied.
Fig. 2is alongitudinal section of the gas turbine com-
bustor according to the first embodiment.

Figs. 3A and 3B show the supplemental burner used
for the gas turbine combustor according to the first
embodiment. Fig. 3Ais an enlarged longitudinal sec-
tion of the supplemental burner, and Fig. 3B is a sec-
tion taken along line 11IB-11IB in Fig. 3A.

Fig. 4 is a perspective view showing the supplemen-
tal burner.

Fig. 5Ais an enlarged longitudinal section of the sup-
plemental burner of a comparative example, and Fig.
5B is a section taken along line VB-VB in Fig. 5A.
Figs. 6A and 6B are diagrams showing distribution
of concentration of the pre-mixed gas at an outlet of
the supplemental burner. Fig. 6A shows the case of
the first embodiment, and Fig. 6B shows the case of
the comparative example.

Figs. 7A and 7B show the supplemental burner of
the gas turbine combustor according to a second
embodiment of the present invention. Fig. 7A is a
longitudinal section of the supplemental burner, and
Fig. 7B is a section taken along line VIIB-VIIB in Fig,
TA.

Figs. 8A to 8D show the supplemental burner of the
gas turbine combustor according to a third embodi-
mentofthe presentinvention. Fig. 8Ais alongitudinal
section of the supplemental burner, Fig. 8B shows
a section taken along line VIIIB-VIIIB in Fig. 8A, Fig.
8C is an enlarged side view of a key portion shown
in Fig, 8A, and Fig. 8D is a section taken along line
VIID-VIID in Fig. 8C.

Fig. 9is a perspective view of the supplemental burn-
er related to the third embodiment.

Fig. 10A is a diagram illustrating the distribution of
concentration of the pre-mixed gas at the outlet of
the supplemental burner related to the second em-
bodiment; and Fig. 10B is a diagram illustrating the
distribution of concentration of the pre-mixed gas at
the outlet of the supplemental burner related to the
third embodiment.
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Fig. 11 is a graph showing results of a test on an
engine for illustrating a relationship between the load
factor and the NOx concentration in regard to the
combustor using the supplemental burner related to
the first embodiment of this invention and the com-
bustor using the supplemental burner related to the
comparative example.

Fig. 12 is another graph showing results of a com-
bustion experiment for illustrating a relationship be-
tween the temperature at the outlet of the combustor
and the NOx concentration in regard to the combus-
tor using each of the supplemental burners respec-
tively related to the first to third embodiments of this
invention and the combustor using the supplemental
burner related to the comparative example.

DESCRIPTION OF EMBODIMENTS

[0025] Hereinafter, several preferred embodiments
will be detailed with reference to the drawings. In Fig. 1,
the gas turbine GT includes the compressor 1, combustor
2 and turbine 3, as main components thereof, wherein
the combustor 2 includes a fuel supply unit 5 and a fuel
control unit 6. In the combustor 2, the fuel F supplied from
the fuel supply unit 5 via the fuel control unit 6 can be
combusted with the compressed air A supplied from the
compressor 1. Thus, high-temperature and high-pres-
sure combustion gas G generated by such combustion
can be supplied to the turbine 3. As a result, the turbine
3 can be driven. Then, the compressor 1 is driven by the
turbine 3 via a rotary shaft 7. Further, an electric gener-
ator 9 is driven by the turbine 3 via a decelerator 8.
[0026] As shown in the longitudinal section of Fig. 2,
the combustor 2 is of a counter-flow can type configured
for allowing the compressed air A introduced therein to
be flowed in a direction reverse to the direction in which
the combustion gas G is flowed in the combustor 2. This
combustor 2 has the cylindrical housing H, in which the
combustor cylinder 10 having a substantially cylindrical
shape is housed. Further, the combustion chamber 11
is provided in the combustor cylinder 10. In addition, an
end cover 12 is fixed in position at an upstream end (i.e.,
a left end in Fig. 2) or head of the housing H by means
of bolts 12a.

[0027] Further, atthe head of the housing H, a proximal
end of a support cylinder 13 extending in the housing H
is connected. Meanwhile, a distal end (i.e., aright end in
Fig. 2) of the support cylinder 13 is fixed to the head 10a
of the combustor cylinder 10. Namely, this combustor
cylinder 10 is supported by the housing H via the support
cylinder 13. Between the housing H surrounding the com-
bustor cylinder 10 and the circumferential wall 10b of the
combustor cylinder 10, the annular air passage 15 for
introducing the compressed air A from the compressor
1 toward the head 10a (i.e., the upstream end) of the
combustor cylinder 10 is provided. Further, an air Intro-
ducing chamber 16 is provided inside the support cylinder
13, and a plurality of air introducing apertures 18 for in-
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troducing the compressed air A into the air introducing
chamber 16 are formed in the support cylinder 13.
[0028] In a central portion of the head 10a of the com-
bustor cylinder 10, a single diffusion-combustion type pi-
lot burner 20 is provided for directly injecting the fuel F
into the combustion chamber 11. Further, the single pre-
mixing type main burner 21 is provided to surround the
outer circumference of the pilot burner 20. This main
burner 21 can serve to inject the pre-mixed gas M pro-
duced by mixing the fuel F with the compressed air A into
the combustion chamber 11 from a pre-mixing passage
29.

[0029] In the main burner 21, the pre-mixing passage
29 having an L-shaped longitudinal section is opened
radially outward via an annular air intake port 29a. Fur-
ther, a plurality of main fuel nozzles 23 are arranged with
an equal interval along the outer circumference of the
main burner 21 radially outside relative to the opened
annular air intake port 29a. In this case, a plurality of main
fuel ejection holes 23a are respectively provided to the
main fuel nozzles 23 in positions respectively opposed
to the air intake port 29a. The proximal end of each main
nozzle 23 is connected with a main fuel introducing port
25 provided to the end cover 12. Further, a swirler 26 is
provided to the air intake port 29a. Thus, the fuel F sup-
plied from the main fuel introducing port 25 can be swirled
by the swirler 26 together with the compressed air A in-
troduced from the air intake port 29a. In this manner,
such swirled fuel and compressed air can be pre-mixed
in the pre-mixing passage 29, and then injected, as the
pre-mixed gas M, into the combustion chamber 11 from
a pre-mixing injection port 29b.

[0030] The fuel F can be supplied to a pilot fuel intro-
ducing port 28 and the main fuel introducing port 25 from
the fuel supply unit 5 shown in Fig. 1 via the fuel control
unit 6.

[0031] An ignition plug 30 is provided to an upstream
portion of the circumferential wall 10b of the combustor
cylinder 10 with a distal end of the plug 30 facing the
interior of the combustor chamber 11. This ignition plug
30 is fixed in position to the housing H while extending
through the housing H. When the engine is started, the
fuel F is injected into the combustion chamber 11 from
the pilot burner 20, and then the diffusion combustion is
performed by ignition due to the ignition plug 30. Then,
upon a normal operation, the pre-mixed gas M injected
into the combustion chamber 11 from the main burner
21 is combusted so as to form a first combustion region
S1 in an upstream portion of the combustor cylinder 10
on the downstream side relative to the main burner 21.
In this case, the plurality of, for example, four, air ports
31 are provided circumferentially with an equal interval
on the downstream side relative to the first combustion
region S1 in the combustor cylinder 10. Further, the pre-
mixing type supplemental burners 40 are provided in po-
sitions respectively opposite to the air ports 31 in the
housing H with each distal end thereof facing the interior
of the combustion chamber 11 through each correspond-
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ing air port 31. In this manner, each supplemental burner
40 is arranged to extend through the circumferential wall
10b of the combustor cylinder 10 in the downstream por-
tion of the combustor cylinder 10 relative to the main burn-
er 21. In this case, each supplemental burner 40 can
serve to inject the pre-mixed gas M1 used for the sup-
plemental burner into the combustor cylinder 10 so as to
form a second combustion region S2 on the downstream
side relative to the first combustion region S1 in the com-
bustion chamber 11.

[0032] Figs. 3A and 3B illustrate details of one supple-
mental burner 40. As shown in Fig. 3A, the supplemental
burner 40 has a straight burner axis C1 orthogonal to an
axis C (see Fig. 2) of the combustor cylinder 10. Further,
this supplemental burner 40 includes the introducing pas-
sage 50 configured for deflecting and introducing a part
of the compressed air A flowed toward the head 10a of
the combustor cylinder 10 from the annular air passage
15 radially inward toward the interior of the combustion
cylinder 10, and the fuel nozzle 41 adapted for supplying
the fuel F into the introducing passage 50 so as to mix
the fuel F with the deflected part of the compressed air
A in the introducing passage 50, thus producing the pre-
mixed gas M1.

[0033] The fuel nozzle 41 includes a cylindrical nozzle
body 42 having a flange portion attached to a mount 60
provided to the housing H by means of fastening mem-
bers 62, such as bolts or the like, and the disk-like nozzle
plate 43 fixed to the nozzle body 42 with a fuel reservoir
45 provided between the fuel nozzle 41 and the nozzle
plate 43. The nozzle body 42 and nozzle plate 43 are
respectively arranged, concentrically with the burner axis
C1. Further, this supplemental burner 40 includes the
guide cylinder 49 constituting the upstream part of the
introducing passage 50 together with the nozzle plate
43, the introducing cylinder 51 attached to the combustor
cylinder 10 and constituting the downstream part of the
introducing passage 50, and the inflow adjuster 76 pro-
vided to cover the outer circumference of the inlet port
52 of the guide cylinder 49 with the space B1 provided
therebetween.

[0034] The inlet port 52 of the guide cylinder 49 has
an annular shape concentric with the burner axis C1, and
the inflow adjuster 76 has a cylindrical shape also con-
centric with the burner axis C1. The inflow adjuster 76 is
fixed in position to a bottom face of the mount 60. In this
case, the axial position of a top end of the inflow adjuster
76 is the same as the level of a top end of the inlet port
52, while the axial position of a bottom end of the inflow
adjuster 76 is set below a bottom edge of the inlet port
52, i.e. more radially inward toward the combustor cylin-
der 10, as compared with the bottom end of the inlet port
52. In this manner, the inflow adjuster 76 can completely
cover the inlet port 52 radially from the outside with the
space B1 provided therebetween. In other words, aninlet
passage 55 located on the upstream side of the introduc-
ing passage 50 is formed of this space B1. With the pro-
vision of this inlet passage 55, part of the compressed
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air A once introduced radially outward relative to the com-
bustion cylinder 10 can be in turn introduced into the in-
troducing passage 50. In this configuration, the inflow
adjuster 76, guide cylinder 49 and introducing cylinder
51 are respectively arranged, concentrically with the
burner axis C1. Additionally, an axial gap B2 is provided
between the guide cylinder 49 and the introducing cylin-
der 51. An inlet 51a of the introducing cylinder 51 has a
bellmouth-like shape that is curved or opened in the di-
ametrical direction thereof.

[0035] The inlet port 52 constituting the inlet of the in-
troducing passage 50 is opened radially outward relative
to the burner 40, i.e., orthogonally outward relative to the
burner axis C1 of the burner 40. The guide cylinder 49
Includes a cylindrical trunk portion 49a extending con-
centrically with the burner axis C1, and a mouth portion
49b which is opened radially outward as one moves to-
ward the upstream side thereof (or upward). Thus, the
diameter D1 of the inlet port 52 located at the distal edge
of the mouth portion 49b is greater than the inner diam-
eter D2 of the trunk portion of the guide cylinder 49 lo-
cated on the downstream side relative to the inlet port
52. In the inlet port 52, the plurality of guide pieces 53
are provided for respectively guiding the compressed air
Atoward the center of the inlet port 52. The guide cylinder
49 extends long, by a certain distance, from the inlet port
52 to a point on the downstream side relative to the re-
spective guide pieces 53. The nozzle body 42 and nozzle
plate 43, the nozzle plate 43 and guide pieces 53, and
the guide pieces 53 and guide cylinder 49 are respec-
tively fixed to one another, such as by welding or the like.
Itis noted that the introducing cylinder 51 may be a proper
existing one that can be directly used in the conventional
cylinder 10.

[0036] The plurality of fuel injection holes 44 are pro-
vided through the periphery of the nozzle plate 43, while
being respectively communicated with the fuel reservoir
45 and opened radially inward toward the combustion
cylinder 10. Further, such fuel injection holes 44 are re-
spectively arranged concentrically with the nozzle plate
43, Additionally, a fuel introducing passage 46 for intro-
ducing the fuel F into the fuel reservoir 45 is formed in
the nozzle body 42. Further, a nipple 48 constituting a
fuel introducing port 47 for introducing the fuel into the
fuel introducing passage is attached to the nozzle body
42. With this configuration, the fuel F can be introduced
into the fuel reservoir 45 through the fuel introducing port
47 and fuel introducing passage 46, and then supplied
into the introducing passage 50 via the fuel injection holes
44. Furthermore, a central projection 43a having a distal
end of an inverted-cone shape is provided at a central
portion of the nozzle plate 43. This central projection 43a
extends downward slightly longer than at least the height
(or vertical length) of each guide piece 53.

[0037] As shown in Fig. 3B, the guide pieces 53 are
provided in a plural number (e.g., twelve (12)), concen-
trically with the nozzle plate 43 with an equal interval
along the circumference of the nozzle plate 43. Mean-
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while, the fuel injection holes 44 respectively formed in
the nozzle plate 43 covering a top portion of the guide
pieces 53 are arranged, while one or more of the hole 44
(e.g., respective one hole 44 in this embodiment) are
provided for each space between the respective adjacent
guide pieces 53. When the compressed air A is flowed
from the air passage 15 into the inlet port 52 constituting
the inlet of the introducing passage 50, this air A is first
flowed into the inlet port 52 through a plurality of divided
ports 53a provided between the respective adjacent
guide pieces 53, and then introduced toward the center
of the inlet port 52. Thereafter, each air flow a1 flowed
into the inlet port 52 through each divided port 53a is
deflected downward, by 90° due to an effect of the central
projection 43a. Further, with the provision of such a cen-
tral projection 43a, mutual collision of the air flow a1 and
the resultant lowering of the flow velocity of the air flow
a1 that would be otherwise caused by such collision can
be effectively avoided. At this time, the air flow a1 can
always strike the central projection 43a, regardless of
which divided port 53a the air flow a1 flowed through.
Then, such an air flow a1 will be compulsorily deflected
radially inward toward the combustor cylinder 10 along
the distal Inverted-cone shape of the central projection
43a. Thereafter, the deflected air flow a1 can be flowed
into the introducing cylinder 51 through the guide cylinder
49, and finally introduced into the combustor cylinder 10
from the outlet port 51b of the introducing cylinder 51 that
is the outlet of the introducing passage 50.

[0038] As apparently shown in the perspective view of
the supplemental burner 40 in Fig. 4, each divided port
53ais opened along the outer circumference of the sup-
plemental burner 40. Namely, the compressed air A can
be introduced into the introducing passage 50 through
only such divided ports 53a. Meanwhile, as shown in Fig.
3A, the fuel F is injected from each fuel injection hole 44
of the nozzle plate 43 toward each divided port 53a (see
Fig. 3B) between each adjacent pair of the guide pieces
53 located downward relative to the fuel injection hole
44. At this time, the fuel F is injected from each fuel in-
jection hole 44 orthogonally to the compressed air A.
Therefore, the fuel F can be finely sectioned by the shear-
ing force exerted from the compressed air A, thus en-
hancing the mixing effect between the compressed air A
and the fuel F.

[0039] The passage area E of the inlet port 52 shown
in Fig. 4, i.e., the total opening area of the divided ports
53a, is set to be greater than the passage area e of the
outlet port 51b of the introducing cylinder 51. With such
setting of these areas, the introducing passage 50, into
which the compressed air A is introduced, can be pro-
vided to be tapered as one moves from the inlet port 52
that is the inlet of this passage 50 to the outlet port 51b
of the introducing cylinder 51 that is the outlet of the pas-
sage 50. Therefore, the flow velocity of the compressed
air A introduced into the inlet port 52 from the air passage
15 can be Increased at the outlet port 51b of the Intro-
ducing cylinder 51. Namely, the penetrating force of the

10

15

20

25

30

35

40

45

50

55

compressed air A for penetrating radially inward into the
atmosphere in the combustor cylinder 10 shown in Fig.
3A can be substantially increased.

[0040] In this case, the guide pieces 53, guide cylinder
49 and introducing cylinder 51 are located between the
inlet port 52 and the outlet port of the introducing cylinder
51 and constitute together the introducing passage 50,
where the air A and fuel F can be mixed. Namely, a pre-
mixing length W, over which the compressed air A and
fuel F can be pre-mixed, is set to be substantially longer
than the pre-mixing length W1 of the supplemental burner
related to one comparative example that will be described
later and shown in Figs. 5A and 5B. With the setting of
such a relatively long pre-mixing length W, the time for
pre-mixing the compressed air A with the fuel F can also
be substantially elongated, thereby well mixing the com-
pressed air with A the fuel F, thus producing significantly
uniform pre-mixed gas M1 exhibiting less unevenness of
the concentration of the fuel F.

[0041] Now, referring to Fig. 2, the operation of the gas
turbine combustor constructed as described above will
be discussed. In the case in which a diffusion operation
(or non-low-NOx operation) is performed, upon and/or
after the start of the combustor system 2, the pilot burner
20 is operated to inject the fuel F introduced from the fuel
introducing port 28 into the combustion chamber 11,
thereby to perform the diffusion combustion. Meanwhile,
in the case of a normal operation (or low-NOx operation),
the main burner 21 is operated to inject the pre-mixed
gas M produced in the main burner 21 into the combus-
tion chamber 11, thereby to perform lean combustion in
the first combustion region S1. Thus, the combustion
temperature in the combustion chamber 11 can be low-
ered, thereby suppressing the generation of NOx. In this
state, the pre-mixed gas M1 injected from the supple-
mental burner 40 located on the downstream side is in-
troduced and combusted in each second combustion re-
gion S2, where the temperature is highly elevated due
to the presence of the first combustion region S1. Thus,
the generation of NOx in the respective second combus-
tion regions S2 can also be suppressed, thereby sub-
stantially reducing the discharge amount of NOx.
[0042] Inthe supplemental burner 40, part of the com-
pressed air A flowed In the air passage 15 toward the
head of the combustion cylinder 10 is flowed into the inlet
passage 55 located between the inflow adjuster 76 and
the inlet port 52, as designated by an arrow a1 depicted
in Fig. 3A, and then advanced into each space between
the respective guide pieces 53 located at the inlet port
52 that is the inlet of the introducing passage 50. There-
after, the compressed air a1 strikes the central projection
43a, and thus deflected by 90° as designated by an arrow
a2. As a result, the compressed air a1 will be introduced
radially inward into the combustion cylinder 10. In this
manner, the compressed air a1 flowed into the inlet pas-
sage 55 between the inflow adjuster 76 and the guide
cylinder 49 is once flowed, radially outward relative to
the combustion cylinder 10, through the inlet passage
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55, then deflected by 90°, and finally flowed into the in-
troducing passage 50 from the inlet port 52.

[0043] In general, the compressed air A tends to be
flowed into the inlet port 52 in a greater amount from a
part of the inlet port 52 facing the upstream side (i.e., a
right-side part of the inlet port 52, in Fig. 3A) than from a
part of the inlet port 52 facing the downstream side be-
cause the dynamic pressure of the compressed air A is
higher at the upstream side than at the downstream side.
In other words, the compressed air A tends to be flowed
into the inlet port 52 in a relatively reduced amount from
an opposite part of the inlet port facing the downstream
side (i.e., a left-side part of the inlet port 52, in Fig. 3A)
because of the relatively lowered dynamic pressure of
the compressed air A at the downstream side. However,
in this embodiment, since the inflow adjuster 76 can ad-
equately control the dynamic pressure of the compressed
air A, the dynamic pressure of the compressed air a1
flowed into the inlet passage 55 provided between the
guide cylinder 49 and the inflow adjuster 76, especially
a part of the inflow adjuster 76 (i.e., a right-side part)
facing the upstream side relative to the compressed air
A, can be effectively reduced. As a result, variation in the
circumferential direction of the dynamic pressure of the
compressed air a1 flowed into the inlet port 52 can be
successfully suppressed, thereby effectively controlling
the amount of the compressed air flowed into the intro-
ducing passage 50 from the inlet port 52 to be circum-
ferentially uniform. Thus, the pre-mixed gas M1 exhibiting
less unevenness of the fuel concentration can be pro-
duced.

[0044] Moreover, since the compressed air a1, after
flowed through the guide pieces 53, is deflected by 90°
radially inward toward the combustion cylinder 10 in the
guide cylinder 49 constituting the upstream part of the
introducing passage 50, relatively strong turbulence can
be generated in the air flow by such deflection of the
compressed airal1. Meanwhile, since the fuel F isinjected
into the plurality of circumferentially divided regions pro-
vided between the respective guide pieces 53 from the
fuel injection holes 44, the unevenness of the fuel con-
centration in the circumferential direction can be well con-
trolled. In addition, since the fuel F is injected in the di-
rection orthogonal to the flow direction of the compressed
air A from the fuel injection holes 44 respectively opened
radially inward toward the combustion cylinder 10 shown
in Fig. 3A, the fuel F can be finely sectioned by the shear-
ing force exerted from the compressed air A, thereby
substantially enhancing the mixing effect between the
compressed air A and the fuel F, Thereafter, as described
above, the mixed gas can be deflected by 90°. During
this deflection, the mixed gas will be well stirred by the
strong turbulence of the compressed air a1, as such the
mixing effect of the compressed air A and fuel F can be
further enhanced.

[0045] Once the compressed air A and fuel F are well
mixed together after flowed through the guide cylinder
49 extending up to the downstream side relative to the
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guide pieces 53 as well as through the introducing cylin-
der 51 located downstream relative to the guide cylinder
49 shown in Fig. 3A, the pre-mixed gas M1 is produced
and flowed into the combustion chamber 11 located in-
side the combustion cylinder 10. Accordingly, in a plane
crossing the outlet port 51b of the introducing cylinder
51, the pre-mixed gas M1 that is quite uniform and ex-
hibits less unevenness of the concentration of the fuel F
can be obtained. Namely, because such uniform pre-
mixed gas exhibiting so less unevenness of the fuel con-
centration can be combusted in each second combustion
region S2, i.e., under the atmosphere of high temperature
combustion gas present on the downstream side relative
to the first combustion region S1, the discharge amount
of NOx can be significantly reduced. Further, as de-
scribed above, the pre-mixed gas M1 can be provided
with adequate penetrating force for penetrating radially
inward into the atmosphere in the combustor cylinder 10
due to the introducing passage 50. Such penetrating
force of the pre-mixed gas M1 can successfully avoid
occurrence of serious damage of the supplemental burn-
er 40 caused by the backfire into the introducing passage
50, while allowing the pre-mixed gas M1 to penetrate well
into the atmosphere of high temperature combustion gas
present around the central portion of the combustion
chamber 10. Therefore, such pre-mixed gas M1 can be
well combusted in the high temperature combustion gas.
[0046] In this embodiment, the pre-mixing length W in
the introducing passage 50 corresponds to the length
from the respective fuel injection holes 44 to the outlet
port 51b of the introducing cylinder 51 across the guide
cylinder 49. Meanwhile, in the case of the supplemental
burner 100 of the comparative example shown in Figs.
5A and 5B, unlike the first embodiment of the present
invention described above, the guide cylinder is not pro-
vided. Namely, in this comparative example, as shown
in Fig. 5A, the fuel nozzle is constructed by providing the
fuel injection holes 81 at a distal end of a straight fuel
pipe 80, while such fuel injection holes 81 are positioned
inside the introducing cylinder 51, Therefore, the pre-mix-
ing length W1 of this comparative example corresponds
to the distance from the respective fuel injection holes
81 of the fuel pipe 80 to the outlet port 51b of the intro-
ducing cylinder 51, thus being rather shortened, com-
pared with the pre-mixing length W of the first embodi-
ment of the present invention. Besides, this pre-mixing
length W1 is shorter than the inner diameter D3 of the
introducing cylinder 51. Accordingly, the longer pre-mix-
inglength W, as shown in Fig. 3A, of the first embodiment
can take the longer time for pre-mixing the fuel F with the
compressed air A, thereby producing the pre-mixed gas
M1 that is quite uniform and exhibits less unevenness of
the concentration of the fuel F.

[0047] Further, as is seen from Fig. 5B showing the
above comparative example, the diameter of the section
of the fuel pipe 80 that can also be used as the fuel nozzle
is relatively small, and provided with a relatively small
number (e.g., eight (8)) of fuel injection holes 81. There-
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fore, the fuel cannot be injected from adequately multiple
points. Meanwhile, in the case of the first embodiment,
as shown in Fig. 3A, the fuel injection holes 44 are pro-
vided in the plural number (e.g., twelve (12)) in the vicinity
of the inlet port 52 of the guide cylinder 49, i.e., In the
periphery of the nozzle plate 43, having the diameter sub-
stantially greater than the diameter of the introducing cyl-
inder 51, Therefore, in this embodiment, the fuel can be
injected from sufficiently multiple points. This can also
suppress the unevenness of the concentration of the fuel
F in the pre-mixed gas M.

[0048] Since the introducing cylinder 51 may be the
existing one that can be directly used in the conventional
cylinder 10, the production cost can be saved. Further,
since the supplemental burner 40 includes the annular
inlet port 52 provided as the inlet of the introducing pas-
sage 50 and the plurality of guide pieces 53, each pro-
vided to the inlet port 52 and adapted for guiding the
compressed air A toward the center of the inlet port 52,
the compressed air A can be smoothly introduced toward
the center of the inlet port 52, thereby substantially re-
ducing a swirled flow of the compressed air A in the in-
troducing passage 50. Thus, the penetrating force of the
compressed air A into the atmosphere in the combustor
cylinder 10 can be kept strong so much. Therefore, the
pre-mixing effect of the compressed air A and fuel F can
be further enhanced, as well as the backfire can be suc-
cessfully avoided. Accordingly, the occurrence of dam-
age of the supplemental burner 40 caused by such a
backfire can also be avoided.

[0049] Inaddition, the provision of the gap B2, between
the guide cylinder 49 and the introducing cylinder 51 lo-
cated on the downstream side relative to the guide cyl-
inder 49, can successfully avold or control undue change
and/or shift in position and attitude of the two cylinders
49, 51, even when the precision in the size and/or attach-
ment position of the guide cylinder 49 and introducing
cylinder 51 is not so high. Therefore, the flexibility in pro-
duction and assembly of the combustor can be signifi-
cantly improved. Further, with careful control of the size
of the gap B2, in view of some negative impact that might
be exerted on the pre-mixed gas M flowed inside the two
cylinders 49, 51, the generation of NOx can be positively
suppressed.

[0050] Moreover, since the area E of the passage of
the inlet port 52 is set to be greater than the area e of the
passage of the outlet port 51b of the introducing cylinder
51, the introducing passage 50 for the compressed air A
is substantially tapered as one moves from the inlet there-
of (i.e., the inlet port 52) to the outlet thereof (i.e., the
outlet port 51b). Therefore, the flow velocity of the com-
pressed air A can be increased, during the travel through
the introducing passage 50. Thus, the penetrating force
of the compressed air A for penetrating radially inward
into the atmosphere in the combustor cylinder 10 can be
adequately increased.

[0051] Figs. 6A and 6B show the distribution of con-
centration of the pre-mixed gas M1 around the outlet port
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51b of the introducing cylinder 51. Fig. 6A shows the case
of the first embodiment, and Fig. 6B shows the case of
the comparative example. In the comparative example
shown in Fig. 6B, a first area P1 of a high concentration
(the maximum concentration: 0.095) much greater than
the concentration of a completely pre-mixed state occu-
pies a considerably large part at a central portion of the
outlet port 51b, while a second area P2 and a third area
P3 are formed around the first area P1, with the concen-
tration thereof being lowered in this order. In this case,
the third area P3 of the lowest concentration is formed
in a relatively wide part around the outer circumference
of the outlet port 51b, Meanwhile, in the case of the first
embodiment of the present invention shown in Fig. 6A,
the first area P1 of the highest concentration (the maxi-
mum concentration: 0.043) is formed only in a narrow
part at the central portion of the outlet port 51b, as well
as the third area P3 of the lowest concentration is formed
only slightly around the outer circumference of the outlet
port 51b. The second area P2 of an intermediate con-
centration is widely spread in the outlet port 51 between
the other two areas P1, P3, while exhibiting less uneven-
ness of the fuel concentration on the whole. Accordingly,
in the firstembodiment, the maximum peak concentration
of the fuel F can be reduced by substantially half as com-
pared with the case of the comparative example, Further,
the distribution of concentration of the fuel can be made
substantially uniform, thereby generating the pre-mixed
gas M exhibiting far less unevenness of the concentration
of the fuel F.

[0052] As described above, according to the first em-
bodiment of this invention, the pre-mixed gas M1 used
for the supplemental burner can be produced in the in-
troducing passage 50 by supplying the fuel F to part of
the compressed air Aintroduced into the introducing pas-
sage 50 from the existing air passage 15. Therefore, the
combustor can be constructed into a further compact
form. Further, since the compressed air A can be deflect-
ed in the introducing passage 50 radially inward into the
combustion cylinder 10, the penetrating force for pene-
trating enough radially inward into the atmosphere in the
combustor cylinder 10 can be provided to the com-
pressed air A. In addition, since the fuel F can be injected
at the multiple points from the plurality of fuel injection
holes 44, the compressed air A can be rapidly mixed with
such fuel F in the introducing passage 50, thereby effec-
tively producing the uniform pre-mixed gas M1 exhibiting
less unevenness of the concentration of the fuel F. Fur-
ther, because such uniform pre-mixed gas exhibiting less
unevenness of the concentration of the fuel F can be
combusted in the high temperature combustion gas In
each second combustion region 52, the discharge
amount of the NOx can be significantly reduced.

[0053] Figs. 7A and 7B show the supplemental burner
40A used in the gas turbine combustor according to the
second embodiment of this invention. In this second em-
bodiment, like or equivalent parts described and shown
in the first embodiment are respectively designated by
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like reference numerals and/or characters, and further
descriptions on such parts will be omitted below. Namely,
only the parts or components different from those de-
scribed and shown in the first embodiment will be dis-
cussed below. In the second embodiment, as shown in
Fig. 7A, a convergence pipe 60 is used In place of the
guide cylinder 49 of the first embodiment. This conver-
gence pipe 60 can serve as a fuel supply passage unit
formed of a plurality of small fuel passages respectively
bundled together. The introducing passage 50A is
formed of the introducing cylinder 51. More specifically,
the convergence pipe 60 is formed of a plurality of small
pipes 60a respectively bundled together. Each small pipe
60a extends in the vertical direction, i.e., in the radial
direction orthogonal to the axis C (see Fig. 2) of the com-
bustor cylinder 10, with the fuel injection hole 60aa
opened at a bottom end of each pipe 60a radially inward
toward the combustor cylinder 10.

[0054] In the convergence pipe 60, as shown in Fig.
7B, for example, thirty two (32) small pipes 60a are bun-
died together with uniform distribution. The number of
the small pipes 60a constituting the respective fuel small
passages is preferably 10 or more that is greater than
the number of the fuel injection holes provided in the
aforementioned comparative example shown in Fig. 5,
and is more preferably 16 or more, and more preferably
24 or more, for example, 32 or more. The outer diameter
D4 of the convergence pipe 60 is substantial the same
as the inner diameter D3 of the introducing cylinder 51.
Thus, the fuel F can be injected over a relatively wide
area into the introducing passage 50A from the conver-
gence pipe 60. Therefore, the compressed air A can be
mixed with the fuel F more uniformly. The small pipes
60a constituting together the convergence pipe 60 are
respectively fixed to the nozzle plate 61 at each top end
thereof, while each top end of the small pipes 60a extends
through the nozzle plate 61. In this case, the fuel nozzle
41A includes the fuel reservoir 45 communicated with
each top end of the small pipes 60a. A space between
the nozzle plate 61 and the inlet 51a of the introducing
cylinder 51 can serve as an air inlet 65 configured for
taking therein the compressed air A from the air passage
15, i.e., the inlet of the Introducing passage 50A. Mean-
while, each bottom end of the small pipes 60a faces the
inlet 51a of the introducing cylinder 51, while being slight-
ly spaced above, i.e., radially outward from the inlet 51a.
This configuration can securely prevent the air inlet 65
from being closed by the convergence pipe 60, as such
avoiding blockage against the inflow of the compressed
air A that might be caused by the convergence pipe 60.
Additionally, this configuration can ensure the adequate
pre-mixing length W2 provided long from the bottom end
of the convergence pipe 60 to the outlet port 51b of the
introducing cylinder 51.

[0055] In this second embodiment, the fuel F is first
introduced into the respective small pipes 60a of the con-
vergence pipe 60 from the fuel reservoir 45, and then
injected into the introducing passage 50A from each fuel
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Injection hole 60aa at the bottom ends of the small pipes
60a axially inward along the introducing cylinder 51, or
radially inward toward the combustion cylinder 10. There-
after, the fuel F and compressed air A are mixed together
in the introducing cylinder 51, thereby producing the pre-
mixed gas M2. In this case, the compressed air A is in-
troduced via the inlet port 65, i.e., the inlet of the intro-
ducing passage 50A, while the fuel F is injected over a
relatively wide area into the introducing passage 50A
from the convergence pipe 60. Therefore, the fuel F and
compressed air A can be mixed together more uniformly,
resulting In the pre-mixed gas M2 exhibiting substantially
less unevenness of the concentration of the fuel F. More-
over, since the adequate pre-mixing length W2 can be
ensured, the pre-mixing effect of the fuel F and com-
pressed air A can be further enhanced. Similarly, in this
second embodiment, as shown in Fig. 10A illustrating
the distribution of concentration in the pre-mixed gas M2
around the outlet port 51b of the introducing cylinder 51,
i.e., the outlet of the supplemental burner 40B, the first
area P1 exhibiting the maximum concentration (0.061)
of the fuel F is quite small, and thus the distribution of
concentration of the fuel F is made uniform, compared
with the distribution of concentration of the comparative
example shown in Fig. 6B. Therefore, this second em-
bodiment can also provide the pre-mixed gas that can
exhibit significantly less unevenness of the fuel concen-
tration on the whole.

[0056] Figs. 8A to 8D show the supplemental burner
40B used in the gas turbine combustor according to the
third embodiment. In this third embodiment, an injection
unit 73 is provided in place of the guide cylinder 49 of the
first embodiment. Specifically, as shown in Fig. 8A, this
injection unit 73 includes a single fuel pipe 70 supported
by the nozzle plate 67 and provided in communication
with the fuel reservoir 45, fuel supply bars 71 respectively
connected with the fuel pipe 70 while extending radially
outward from the fuel pipe 70, and deflector bars 72 re-
spectively connected with the fuel pipe 70 while extend-
ing below and in parallel with the respective fuel supply
bars 71. It is noted that the fuel supply bars 71 and de-
flector bars 72 are respectively arranged in a plural
number, for example, four, with an angularly equal inter-
val in the circumferential direction about the fuel pipe 70.
[0057] Each fuel supply bar 71 includes a plurality of
fuelinjection holes 71arespectively arranged in the radial
direction relative to the fuel pipe 70, and is located at an
inner upstream portion of the introducing cylinder 51. In
each fuel supply bar 71, as shown in Fig. 8B, the fuel
injection holes 71a are arranged in two rows to be re-
spectively opened in the circumferential direction, where-
in the two rows respectively extend along the fuel supply
bar 71 in parallel with each other with three fuel injection
holes 71a arranged in each row. Thus, the fuel F can be
injected from each fuel injection hole 71a in a direction
substantially orthogonal to the compressed air A flowed
through the introducing passage 50A in the introducing
cylinder 51. Further, as shown in Fig. 8B as well as In
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Fig. 9 that is the perspective view of Fig. 8B, the fuel
supply bars 71 and deflector bars 72 respectively form a
cross shape on the whole, when seen in the axial direc-
tion of the fuel pipe 70, i.e., in the direction along the axis
C1 of the supplemental burner 40B. Additionally, these
bars 71, 72 are respectively arranged in the same angular
position about the fuel pipe 70, such that these bars 71,
72 can be completely overlapped with each other, when
seen in the axial direction. In this embodiment, a total of
twenty four (24) fuel injection holes 71a are employed.
Preferably, the number of the fuel injection holes 71a is
12 or more, more preferably 16 or more, for example, 24
or more. Again, this embodiment can also ensure the
adequate pre-mixing length W3, as defined by the length
from the fuel injection holes 71a to the outlet port 51b of
the introducing cylinder 51.

[0058] Inthis third embodiment, for example, as shown
in Fig. 8C, when the fuel F is injected into the introducing
passage 50A of the introducing cylinder 51 from the six
(6) fuel injection holes 71a respectively opened on both
side of each fuel supply bar 71, the fuel F will be flowed
toward the downstream side in the introducing cylinder
51, while being urged and turned by the compressed air
A as shown in Fig. 8D. Therefore, if there is no deflector
bar 72, such turned flows of the fuel F may tend to ap-
proach one another by counteraction and thus join to-
gether on the downstream side relative to the position
corresponding to each deflector bar 72. Therefore, in
such a case, there is a risk that the fuel F may not be
adequately diffused. However, with the provision of the
deflector bars 72 as described and shown in this embod-
iment, such a joining of the downstream flows of the fuel
F can be successfully avoided. Namely, without any oc-
currence of uneven distribution or undue joining of the
fuel F, the fuel F can be uniformly diffused in the intro-
ducing cylinder 51 and hence well mixed with the com-
pressed air A flowed from above. Therefore, this embod-
iment can also provide the pre-mixed gas M3 uniformly
containing the fuel F and compressed air A and thus ex-
hibiting substantially less unevenness of the concentra-
tion of the fuel F. More specifically, in this third embodi-
ment, as shown in Fig. 10B, which illustrates the distri-
bution of concentration in the pre-mixed gas M3 around
the outlet port 51b of the introducing cylinder 51, i.e., the
outlet of the supplemental burner 40B, each first area P1
exhibiting the maximum concentration (e.g., 0.065) of the
fuel F is quite small, and thus the distribution of concen-
tration of the fuel F is made substantially uniform, com-
pared with the distribution of the fuel concentration of the
comparative example shown in Fig. 6B. Accordingly, this
third embodiment can provide the premixed gas that can
exhibit significantly less unevenness of the fuel concen-
tration on the whole.

[0059] Fig. 11 shows the results of the test on the en-
gine, In regard to the combustor according to the first
embodiment and the combustor according to the com-
parative example shown in Fig. 5, respectively provided
in this engine. The horizontal axis of Fig. 11 designates
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the load factor, while the vertical axis of Fig. 11 desig-
nates the NOx concentration (in this case, the oxygen
concentration in the air used for the combustion was
15%) at an outlet 10e (see Fig. 2) of the combustor cyl-
inder 10.

As shown in this drawing, in the case of the comparative
example, the discharge amount of NOx, i.e., the NOx
concentration, is gradually increased as the load factor
approaches 100% from a point of time BS at which the
supplemental burner is first operated. This NOx concen-
tration is rapidly increased in the vicinity of the 100% load
factor and exceeds a target or allowable value thereof.
Meanwhile, In the case of the first embodiment, the NOx
concentration is lower than the target value over all of
the range of the load factor, and no marked increase of
the NOx concentration is confirmed even when the load
factor reaches 100%.

[0060] Fig. 12 shows the results of the combustion ex-
periment, in regard to the combustor using each of the
supplemental burners respectively according to the first
to third embodiments of this invention as well as the com-
bustor using the supplemental burner according to the
comparative example shownin Fig. 5. The horizontal axis
of Fig. 12 designates the temperature of the combustion
gas G atthe outlet 10e of the combustor 10 shown in Fig.
2 (i.e., the combustor-outlet temperature). As shown in
Fig. 12, in the case of the comparative example, the NOx
concentration is conspicuously increased as the temper-
ature in the combustor is increased and approaches a
reference temperature Tr corresponding to the 100%
load factor. Meanwhile, in any case of the first to third
embodiments, the NOx concentration is lower than the
target value, over all of the load factor range, and such
a preferably lowered NOx concentration can be kept,
even when the temperature reaches the reference tem-
perature Tr.

[0061] It is noted that the inflow adjuster 76 of the in-
troducing passage 50 may be eliminated as needed. In
addition, the main burner 21 is not limited to the pre-
mixing type burner as used in the above embodiments.
Forinstance, a proper diffusion-type burner may be used
as the main burner 21.

[0062] While several preferred embodiments have
been described with reference to the drawings, it will be
obvious to those skilled in the art that various changes
and modifications of the present invention can be made
without departing from the sprit and scope of this inven-
tion. Therefore, it should be construed that such changes
and modifications also fall within the scope of the ap-
pended claims.

Claims

1. A gas turbine combustor adapted for combusting a
fuel together with a compressed air supplied from a
compressor and supplying a combustion gas to a
turbine, comprising:
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a main burner provided to a head portion of a
combustor cylinder constituting a combustion
chamber; and

a pre-mixing type supplemental burner provided
to a downstream portion of the combustor cyl-
inder relative to the main burner and extending
through a circumferential wall of the combustor
cylinder,

wherein the supplemental burner comprises:

an introducing passage configured to deflect a
part of the compressed air radially inward with
respect to the combustor cylinder, the com-
pressed air flowing from an air passage formed
between the circumferential wall of the combus-
tor cylinder and a housing surrounding the cir-
cumferential wall toward the head portion of the
combustor cylinder, and introduce the com-
pressed air into the combustor cylinder; and

a fuel nozzle configured to supply the fuel from
a plurality of fuel injection holes to the com-
pressed air which is introduced into the introduc-
ing passage so as to produce a pre-mixed gas
in the introducing passage.

The gas turbine combustor according to claim 1,
wherein the supplemental burner further comprises:

an annular inlet port constituting an inlet of the
introducing passage; and

a plurality of guide pieces provided to the annu-
lar inlet port and configured to guide the com-
pressed air toward a center of the inlet port.

The gas turbine combustor according to claim 2,
wherein the fuel nozzle includes a nozzle plate con-
stituting a head of the introducing passage, the fuel
injection holes being provided in the nozzle plate
such that the fuel is supplied into the introducing pas-
sage through the fuel injection holes and a space
between each adjacent pair of the guide pieces.

The gas turbine combustor according to claim 3,
wherein the supplemental burner further comprises
a guide cylinder extending from the inlet port up to
a downstream side relative to the guide pieces so
as to constitute an outer wall forming an upstream
part of the introducing passage.

The gas turbine combustor according to any one of
claims 1 to 4, wherein the supplemental burner fur-
ther comprises an introducing cylinder attached to
the combustor cylinder so as to constitute a down-
stream part of the introducing passage.

The gas turbine combustor according to claim 5,
wherein agapis provided between the guide cylinder
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and the introducing cylinder located on a down-
stream side relative to the guide cylinder.

The gas turbine combustor according to any one of
claims 1 to 6, wherein the introducing passage has
an inlet passage area which is greater than an outlet
passage area.

The gas turbine combustor according to any one of
claims 1to 7,
wherein the supplemental burner further comprises:

an annular inlet port constituting an inlet of the
introducing passage; and

an inflow adjuster configured to cover an outer
circumference of the annular inlet port with a
space therebetween.
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